Abstract. This research was performed to assess the effects of angled whole body vibration on muscle activity of the lower limbs, by examining adults in their twenties during squat exercises, taking into account two variables of exercise intensity (vibration frequency and gradient). Twenty healthy males in their twenties with previous experience of more than 6 month's weight training and no past medical history were included in this study. The experiment was performed by participating in squat exercises which consisted of 3 sets (1 set = 5 seconds x 3 repetitions of exercise), and the muscle activities of the Rectus Femoris, Vastus Lateralis, Vastus Medialis were measured with variation in the gradients of 0°, 10°, and 20°, and vibration frequencies of 20, 30, and 40 Hz. At 30 and 40 Hz, the vastus lateralis showed the highest change in muscle activity, while activity of the vastus medialis also increased significantly. Analysis of muscle activity according to the gradient showed a significant increase of the vastus lateralis at 20°, while the highest muscle activity at 20° was observed for the vastus medialis. In comparison of the change in lower limb muscle activity according to simultaneous stimulation, at a gradient of 10°, high activity was shown in muscle, while at 20°, high muscle activities were produced at 40 Hz in the vastus lateralis, 40 Hz in the rectus femoris, and both 30 and 40 Hz in the vastus medialis
Introduction
In the modern age, there have been increased demands on health as a result of the development of medical science, and improvements in the quality of life quality and economic state. Hence, modern men exercise using weight machines and other equipment as a cure for stress and to improve health. Weight training is often recommended for its benefits of consuming more energy, providing less risk of injury than other exercises, and helping to improve the body composition, including for the prevention of osteoporosis [1] .
Among the different types of weight training, the squat exercise is a representative lower limb strengthening program, which has a large effect on the strength of muscles such as the vastus lateralis, vastus medialis, bicephalus femoris, and musculus gastrocnemius, also improving bone density, ligaments, and tendons. It is a more efficient training which causes muscular mobilization, stimulating functional patterns and proprioceptive sense [2, 3] . The squat has three subsidiaries. The first is bodyweight, using body burden as resistance, the second is a barbell squat, using barbells as resistance, and the final one is a machine squat, adopting a machine as a training tool [2] .
Among different tools for providing physical training, whole body vibration (WBV) has been gaining more attention. WBV was recently adopted, in the late 1990s, in the area of muscle function training. It is now widely used in various areas such as in rehabilitation clinics, sports centers, and for professional sport teams in countries such as the USA, Japan, and especially in Europe [4] . The principle of WBV is thus: it improves the function of the neuromuscular system by producing rapid and strong contraction of muscles through stimulation by artificially controlling the gravitational load [5] . The method of controlling gravitational load to strengthen muscles is not new, as improvement of the effects of exercise by adding additional weight to the body or instruments already existed. However, such training can cause injury due to excessive burdens and stimulation to the body, and may also cause secondary effects of over-training due to the overly increased burden. As a solution, there have been many efforts to develop new exercise programs or devices like WBV, which are easy and safe, as well as able to provide different levels of exercise intensity in a controlled way.
One of the related studies was on the effects of WBV on the leg-press performance ability of athletes on a national volley ball team, performed by Dakota, revealing that the leg stimulated by WBV had significantly higher performance than the unstimulated one [6] . Torvinen also examined the effects of vibrational stimulation in his research on vibrational stimulation, postural balance and muscle activity. That study demonstrated enhancement of the soleus muscle, musculus gastrocnemius, and vastus lateralis activity, while also improving postural balance of the body [7] . However, Ruiter reported conflicting results after an 11-week study on subjects in their twenties, indicating that the use of WBV did not affect the improvement of maximum muscle strength or maximum jumping ability [8] . In a similar study on Muscle activity change around the knee according to the gradient and posture changes during squatting of one leg performed on a downward slope, Yu et al. reported the increased muscle activity of the vastus lateralis and vastus medialis [9] . Baek reported the effects of increasing lower limb muscle activity, allowing efficient exercise when heel raising movements were combined with WBV [10] .
Studies on exercise with vibration are limited to short or long time training in the squat posture, or on the different effects according to age, while studies on the exercise intensity in accordance with vibration are rare. Hence, this study concentrated specifically on the different effects of two variables of exercise intensity (vibration frequency and gradient) on muscle activity during squat exercises, to provide a more efficient exercise program. during squat exercises at 0°, 10°, and 20° angles of tilting the heels, muscle activities in the rectus femoris, vastus lateralis, vasuts medialis increased considerably higher than those of other lower limbs [15] . This result can be interpreted that squat exercise on downward slopes help to erect truncus by balancing the bodily barycenter. In addition, it makes higher muscle activity on the quadriceps femoris muscle by minimizing the influence of the hip muscles, as well as the tibial muscle by using plantar flexion of the ankle joints simultaneously.
Comparison of lower limb muscle activities during simultaneous stimulation with a gradient of 10° showed that muscle activity had the biggest difference at 40 Hz. Unlike the independent stimulations, simultaneous stimulations significantly increased the activity of the rectus femoris at the 40 Hz frequency. The vastus medialis showed significant increase in most of the measurements when simultaneous stimulation was provided.
When the gradient was fixed at 20°, high muscle activity was present at 40 Hz for the vastus lateralis, 40 Hz for the rectus femoris, and both 30 and 40 Hz for the vastus medialis. A possible explanation for this would be increase of the positive effect on muscle activity by stimulation of the nerve roots when the WBV was used in independent stimulation, to provide a whole effect. In addition, a downward slope provides another independent stimulation to help the truncus to be erected, while minimizing influence of the hip muscles. All of the factors listed were considered to enable higher muscle activity. Overall, the complex stimulations were more efficient for inducing higher muscle activity in the lower limbs.
Conclusion
This study was performed to measure and assess the effects of angled whole body vibration on muscle activity in the lower limbs during squat exercise, while taking into account two variables of exercise intensity (vibration frequency and gradient). The results demonstrated the positive effects of angled whole body vibration on muscle activity in the lower limbs. The provision of complex (vibration frequency with gradient) stimulation was found to have more influence, increasing muscle activity of the rectus femoris, vastus lateralis, and vastus medialis at a higher rate than the independent stimulations.
This suggests the possibility that angled whole body vibration may be helpful for training athletes, as well as ordinary people, as it is effective for strengthening muscles. I hope these data will be applied to the development of various angled whole body vibration programs, as well as to the fields of sports and physical education.
